ABSTRACT
INTRODUCTION
Chronic intestinal pseudo-obstruction (CIPO) is a clinical condition characterized by the severe impairment of gastrointestinal peristalsis with partial or complete intestinal obstruction symptoms, the lesion that occludes the intestinal lumen is absent (1, 2) . Any segment of the gastrointestinal system can be involved (1) (2) (3) . Clinical symptoms vary from patient to patient, based on the localization and the extent of the involved segment. The number of studies, especially the ones concerning children about this rare disease, is limited in the literature. It has been suggested that the CIPO that occurs in infants and children may be a different condition from the one that occurs in adults. According to the latest European Society of Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) recommendation, this condition should be referred to as pediatric intestinal pseudo-obstruction (PIPO) (4) . Literature about this disease is also limited in our country, and it mostly comprises case presentations and case series (5) (6) (7) . A nationwide survey in Japan identified 62 patients with PIPO from 47 centers with a prevalence of 3.7 in 1 million people (8) Limited knowledge about PIPO, the difficulty in diagnosing the disease, and the ineffectiveness of pharmacological treatment lead to a low quality of life of these patients, along with high morbidity and mortality rates (9, 10) . Nevertheless, nutritional, pharmacological, and surgical treatments, as well as the recent developments in intestinal transplantation, have improved patient care (1, 3, 9) . This study evaluates the management, pharmacological and surgical treatments, clinical features, nutritional support, anthropometric findings, survival rates, and the results of the small bowel transplantation (SBT) in the patients with PIPO who were followed up in our center.
MATERIALS AND METHODS
In this study, we evaluated 13 patients with PIPO, retrospectively. Patients (7/13) who were diagnosed with PIPO at our pediatric gastroenterology clinic and patients (6/13) who were referred for intestinal transplantation between February 2012 and February 2018 were included in the study. The PIPO diagnosis was made according to the ESPGHAN evidence and the consensus-based recommendations criteria (4) . According to these criteria, PIPO is defined as a disorder characterized by the chronic inability of the gastrointestinal tract to propel its contents via mimicking mechanical obstruction, in the absence of a lesion that might occlude the gut. Chronic is defined as the persistence of symptoms that lasts for 2 months, starting from birth or at least 6 months after. The diagnosis of PIPO requires at least 2 out of 4 of the following: an objective measurement of the small intestinal neuromuscular involvement (manometry, histopathology, transit); recurrent and/or persistently dilated loops of small intestine with air-fluid levels; genetic and/ or metabolic abnormalities definitively associated with PIPO; and the inability to maintain adequate nutrition and/or growth with oral feeding (needing a special enteral nutrition and/or parenteral nutrition support) (4). Patients who were not considered to be suffering from PIPO and who did not meet these criteria were excluded from the study. We evaluated the patients' demographic data, applied treatments, responses to treatment, complications during the follow-up, nutritional status, and surgical procedure results, including the results of the SBT. Additionally, patient's z scores for their weight-for-age and height-for-age were evaluated up on admission and after follow-up. As for the treatment protocol, erythromycin was applied orally in a dose of 3-5 mg/kg/day orally, and octreotide in a dose of 1 mcg/kg/hour intravenously. The other medications such as neostigmine, pyridostigmine, cisapride, trimebutine maleate, metoclopramide, domperidone, and laxatives were given according to the standard pediatric doses. Responses to the pharmacological treatments were assessed via the regression of symptoms, such as increasing intestinal peristalsis, reduced abdominal distension, and increased nutritional tolerance. An ethics committee approval was received from the ethical committee of the SBU Tepecik Training and Research Hospital (17.08.2017/20) .
Statistical analysis
The data were assessed using descriptive statistics for numbers, percentages, distributions, means, and standard deviations. The data were evaluated with the Statistical Package for Social Sciences version 20.0 (IBM Corp.; Armonk, NY, USA).
RESULTS
Only 1 patient with PIPO had a preterm delivery history. The clinical symptoms of 2 patients manifested at 1 and 5 years of age; all the other patients were identified as symptomatic during the neonatal period. The median age of the patients with PIPO at the time of the symptom onset was 2 days (minimum 1 day-maximum 96 months). The mean age of the patients up on admission was 35.3±35.9 months (minimum 4 days-maximum 9 years old), and the average follow-up period was 26.4±18.6 months. Vomiting was the most common cause of admission for all the patients. Abdominal distention was present in 92.3% of the patients, and chronic constipation occurred in 23%. Three patients had megacystis microcolon intestinal hypoperistalsis (MMIH), 2 had intestinal neuronal dysplasia (IND), 2 had Waardenburg syndrome (WS), and 1 had enteric anendocrinosis (EA), while the etiological cause could not be found for 5 patients. The symptoms for 3 of the patients diagnosed with MMIH manifested during the prenatal period, and these patients were followed after birth.
Six patients had an ostomy operation in the early infancy period due to ileus, and 4 of these patients benefited from the operation. The ratio of reiterated surgery in all patients was 4/13 (30.7%). Five patients (38.4%) responded to pharmacological treatments applied during the pseudo-obstruction attacks, and 3 of those patients reached the targeted level of nutritional tolerance. The other 8 patients did not respond to the given pharmacological treatments. The most frequently used pharmacological treatments were somatostatin derivation (octreotide), cholinergic agents, and erythromycin. The applied pharmacological treatments and the patients' responses are presented in Table 1 .
Four of the patients were dependent on total parenteral nutrition (TPN). Post-pyloric nutrition was used in 4 patients who did not tolerate oral and nasogastric nutrition. In these patients, after the polymeric formula was not tolerated, an extensively hydrolyzed formula was initiated, but the desired enteral nutrition could not be attained. Gastrostomy was applied to 3 of these patients at our clinic. Enteral nutrition of 2 patients was supported intermittently by gastrostomy infusion, and 1 of these patients required intermittent TPN. One patient was partially dependent on TPN. Three other patients were TPN dependent at the beginning of the treatment, but they were able to switch to oral nutrition gradually. Two patients who were TPN dependent before the SBT surgery have restored total oral nutrition after the transplantation. The 2 patients with IND could maintain oral feeding, except during the pseudo-obstruction attack periods. The nutritional monitoring of the patients is presented in Table 1 .
Isolated SBT was performed in 3 patients. The SBT caused severe sepsis episodes in 2 patients and vascular thrombosis in 1 patient. A 2-year-old SBT patient developed graft dysfunction due to insufficient vascular flow intraoperatively; the same patient is 3 years old now and waiting for a multivisceral transplantation due to liver failure. The 9-month-old SBT patient died of sepsis and Epstein-Barr virus-related post-transplant lymphoproliferative disease 1 year after the operation. The patient who had SBT at 5 years of age has been followed for 4 years without any problems. One TPN-dependent patient is currently waiting for SBT in our clinic.
A review of the other organ dysfunctions in these patients revealed that, other than intestinal system problems, the most frequent health concerns were related to renal issues (38%). Three patients had vesicoureteral reflux, and 2 patients had unilateral renal atrophy. Four patients, 3 of whom had MMIH, had megacystis. Venous thrombosis was detected in the follow-up of 4 patients who were TPN dependent. For 1 of these patients, thrombosis existed in all the main vascular accesses; therefore, SBT could not be performed. Persistent gastrointestinal system bleeding caused by vascular ectasia was observed in 1 patient with IND. Liver failure was observed in the 1 TPN-dependent patient who was 27 months old. All the collected patient data including the age of clinical onset, admission age to our clinic, diagnosis, intestinal biopsy results, treatments, results of SBT, and follow-up are presented in Table 1 . Additionally, anthropometric findings of the patients at the admission and after the follow-up are presented in Table 2 .
DISCUSSION
In 38.4% of our patients with PIPO, after the parenteral nutritional support and pharmacologic and surgical treatment, a progressive total oral nutrition was achieved Table 2 . Anthropometric data of the patients up on admission and after the follow-up gradually. When we evaluated the study sample, 61.5% of patients had an indication for intestinal transplantation, and 3 of these patients underwent SBT. In particular, it has been determined that the patients with MMIH did not benefit from pharmacological and non-transplant surgical treatments and the treatment responses were inadequate. It has been found that the anthropometric findings recover in TPN-dependent patients who can be transferred to total oral nutrition. The majority of our patients seem to need surgical procedures and undergo surgery. However, in patients with PIPO, it is essential to minimize the number of surgical interventions to avoid potential complications (4) . Depending on the etiology, some cases can be easily diagnosed during the early stages. Prenatal symptoms can be detected in about 20% of PIPO cases, with megacystis being the most frequently reported indication (11). In our patients, the detection rate of fetal megacystis is 23%. As in some of our patients, some cases are difficult to diagnose and cannot be diagnosed until much later, after the patient has received unnecessary treatments and surgeries (2).
The digestive system problems of patients with PIPO restrict normal oral feeding, and the patients cannot receive the calories they require. It has been reported that 60%-80% of PIPO cases diagnosed in the first year of life required parenteral feeding (12) . Some patients are TPN dependent and cannot tolerate oral intake (13) . For such patients, nasogastric or nasoduodenal feeding should be provided to deliver sufficient calories before the permanent feeding tube administration (14, 15) . We have applied post-pyloric feeding in 4 of the patients with PIPO, but successful enteral feeding could not be accomplished. Oral feeding is the primary independent factor associated with positive prognosis. Therefore, patients receiving parenteral feeding should ingest as much oral food as they can tolerate (14, 15) . Some patients with PIPO can tolerate enteral feeding with gastrostomy or jejunostomy (16) . Two of our patients received intermittent enteral feeding by gastrostomy infusion, in addition to oral feeding. Procedures like gastrostomy and enterostomy are also essential treatments because they reduce complaints such as abdominal distension and vomiting. When surgery is indicated, a gastrostomy tube can be inserted during the same procedure (4). Ostomies may be utilized to perform motility investigations (manometries) by serving as the insertion sites for the manometry catheters (4). We have observed that 3 of our patients with PIPO benefited from gastrostomy; abdominal distension and vomiting reduced.
Pharmacological treatment for patients with PIPO typically aims to avoid bacterial overgrowth, gain gastrointestinal motor function, and enable oral intake. It has been demonstrated that 11% of the adult patients are asymptomatic between the subacute obstructive episodes and do not require chronic pharmacological treatment (17) . Erythromycin, octreotide, cholinesterase inhibitors, prokinetics, and probiotics are the most frequently used pharmacological agents (10, 18) . Pharmacological treatment response in our patients is 38.4%. Our patients have responded to erythromycin, octreotide, neostigmine, pyridostigmine, trimebutine maleate, domperidone, and laxative treatments. Overall, there is no recommended drug treatment to improve gastrointestinal motility in the majority of patients with PIPO (4). Eight of our patients who did not respond to pharmacological treatment were found to have MMIH, EA, and WS. The pharmacological treatment response in these patients is lower, and the need for SBT should be assessed.
Intestinal manometry can be helpful in defining the pathophysiological mechanisms that are involved in PIPO, such as neuropathic or myopathic causes. However, the diagnostic specificity's low, and in most patients, it does not affect the treatment. Antroduodenal manometry has been applied in PIPO to assess a patient's prognosis, response to treatment, and oral feeding tolerance (19) . When a PIPO diagnosis is considered, a normal manometry is valuable as it can essentially exclude the possibility of PIPO (20). The ESPGHAN recommends that in children with suspected or confirmed PIPO, an esophageal, colonic, or anorectal manometry can be used to assess the extent of the disease (4). A manometric assessment of the entire gastrointestinal system is useful in planning the treatment and deciding the necessity of isolated or multivisceral transplantation, especially in severe PIPO cases (10) . Due to technical incompetence, manometric assessment of our patients could not be undertaken at our clinic.
The most frequent cause of morbidity and mortality in patients with PIPO is related to the side effects of longterm TPN use (21) . Although the prognosis for patients with PIPO varies, one-third of children die within the first year of life (22) . In our follow-up, only 1 of the patients died within the first year. Intestinal transplantation is a life-saving option for patients who are experiencing TPN complications and intestinal failure. A study assessing 27 children with PIPO reported that 8 patients had intestinal transplantation, all the patients tolerated full enteral feeding, and 3 patients died during follow-up (23) . Two of the 3 patients who underwent successful SBTs in our center received full enteral feeding after SBT. It is seen that the z scores of the patients who have switched to total oral nutrition improved. Patients who were dependent on TPN and could not switch to sufficient enteral nutrition were found to have a significant increase in z scores of both the weight and height. It has been thought that complications and genetic causes in addition to enteral feeding problems may contribute to growth retardation in these patients.
TPN-dependent cases generally require central venous catheterization. In patients who receive long-term intravenous therapy, catheterizations with central venous access devices may lead to venous thrombosis and venous stenosis over time (24, 25) . Vascular thrombosis complications have been observed to be more frequent in femoral venous (FV) catheterization (24) . Graft anastomosis was performed on the vena cava inferior (VCI) during SBT (26). We do not recommend the FV catheterization in the TPN-dependent patients who are candidates for transplantation due to the thrombosis and decreased flow in the VCI. In 1 of our patients who had a history of FV catheterization, graft dysfunction was observed during SBT due to the VCI flow inadequacy.
Pediatric intestinal pseudo-obstruction is a rare disease with dramatic clinical variations. At one end of the spectrum, there are TPN-dependent patients with several related complications who have high morbidity and mortality. At the other end, there are patients with mild symptoms, apart from their pseudo-obstruction attacks.
Intestinal transplantation is the only solution for the severe PIPO cases, particularly the TPN-dependent patients. Some patients can only survive with enteral feeding methods and ongoing pharmacological treatment. Each patient's treatment approach and follow-up care should be considered independently. Informed Consent: Written informed consent was obtained from parents and patients who participated in this study.
Ethics Committee

Peer-review:
Externally peer-reviewed.
